Modeling extinction along anomalous/non-CCM sightlines, which are characterized by a broad 217.5 nm bump and steep far-ultraviolet (FUV) rise, is 
CCM law, but there are a number of lines of sight for which the CCM law is not good enough (Cardelli & Savage 1988; Clayton et al. 2003a) . Certain regions show weak broad bump and strong FUV rise (Valencic et al. 2003 ) that closely resemble extinction in Small Magellanic Cloud (SMC). These anomalous sightlines are referred to as non-CCM sightlines (Valencic et al. 2003 (Valencic et al. , 2004 and include HD 210121, HD 204827, HD 29647 and HD 62542.
The steep FUV rise in extinction is interpreted as the manifestation of high abundance of very small grains (Larson et al. 2000; Clayton et al. 2003b; Valencic et al. 2004 ). These sightlines may have been exposed to shocks or strong UV radiation that disrupt large grains resulting in a size distribution favoring small grains (Valencic et al. 2004) . Small R V for these objects point to smaller particles but, contrary to observation, will simultaneously lead to stronger 217.5 nm bump (Larson et al. 2000) . All the non-CCM sightlines contain a B type young star as background to dense clouds, e.g. HD 210121 is a high latitude B3 V star and HD 204827 is a B0 V star, and are background to dense clouds rich in carbon and its molecules (Roueff et al. 2002; Oka et al. 2003) . Several attempts to model the non-CCM extinction have been made that include considering different grain compositions (Li & Greenberg 1998) , different size distributions (Weingartner & Draine 2001) or both (Larson et al. 2000; Clayton et al. 2003b) . Considering the prevalence of smaller particles in harsh environments Li & Greenberg (1998) used the MRN distribution (Mathis et al. 1977) in the size range a ∈ [0.001, 0.200] and a ∈ [0.001, 0.120] µm, for silicates and graphite respectively, to model extinction along HD 210121. To explain the poor match of silicate-graphite model Li & Greenberg (1998) also attempted silicate-organic refractory core-mantle model that required 20% more silicon than is available to condense into the solid phase. Weingartner & Draine (2001) use separate silicate and graphite model with a new size distribution having higher concentration of smaller particles towards HD 210121. Considering clusters of grains Rouleau et al. (1997) show that for HD 204827 the match is improved in the FUV but gets poor in the bump region. Simultaneous matching of the bump and FUV rise is difficult.
These sightlines are in general carbon rich having traces of carbonaceous molecules (Roueff et al. 2002; Oka et al. 2003; Ádámkovics et al. 2005) hence the silicate fraction along these sightlines could be lower than the average galactic abundance. along these objects. Clayton et al. (2003a) and Sofia et al. (2005) show good fits using three component silicate, graphite and amorphous carbon (AMC) models and applying maximum entropy method (MEM). These models use very low fraction of graphite and in a very narrow size range while the upper size cut-off for AMC is (∼ 1µm), about 10 times larger. In the strong UV flux regions of the non-CCM sightlines graphite being more rugged to wear and tear is more probable. The destruction of AMC grains to smaller sizes is a more likely scenario The 217.5 nm bump has nearly a fixed position (Fitzpatrick & Massa 1986 ). This peak in graphite particles shifts towards longer wavelength on coating with different materials e.g.
ice-coating (Draine & Melhotra 1993) and diamond coating (Mathis 1994) . Observations along HD 29647 and HD 62542 (Cardelli & Savage 1988) show an opposite trend i.e. a shift towards shorter wavelength that is accompanied by steep FUV rise. Nanodiamond (ND) extinction shows steep rise in FUV beyond 5.5 µm −1 (Binnette et al. 2005; Rai & Rastogi 2010 ) and considering ND as core inside graphite or AMC mantle lowers the bump and shifts the 217.5 nm peak blue-ward (Rai & Rastogi 2008 , 2010 . There is profile similarity of extinction incorporating NDs inside carbonaceous material with observations along non-CCM sightlines. Using ND core inside graphite mantle gives good match with the average galactic extinction particularly in the FUV (Rai & Rastogi 2010) . Therefore modeling of non-CCM sites and sites with steep FUV is attempted by incorporating NDs as additional component and is being reported.
COMPONENT MATERIALS IN MODELING
The observation of 3.43 and 3.53 µm emission bands, attributed to hydrogenated NDs, show convincing presence of NDs in the ISM (Guillois et al. 1999; van Kerkhoven et al. 2002) . On the basis of C-H stretch band observations Goto et al. (2009) suggest ND formation nearer to the star where there is stronger UV flux. NDs in meteorites are enveloped in AMC and organic compounds (Dai et al. 2002) pointing to the possibility of ND formation near the Sun in pre-solar carbon already present in its environment.
Carbon can exist in different forms. Although graphite is the most stable allotrope and one of the most refractory material with sublimation point above 4000 K at one atmo-sphere (Pierson 1993) , the different forms transform into each other under UV irradiation or high energy electron collisions (Banhart 1997; Zaiser & Banhart 1997 (Davydov et al. 2007 ) has been reported. Kwon and Park (2007) theoretically show that surface graphitization of diamond under strong radiation field leads to core-mantle like structure. In-situ formation of nanodiamonds and transformation of graphite to diamond is also observed over a wide range of irradiation conditions (Daulton et al. 2001 ).
Simulating UV photolysis in dark clouds Kouchi et al. (2005) show that diamonds and graphite few nanometer in size can form in organic ice mixture subjected to UV irradiation.
Both graphite and diamond could form directly within amorphous carbon. With evolution the amorphous component may transform into these forms or be removed altogether. ND and glassy carbon mixture, possible product of supernova shock-wave transformations, are detected in meteorites (Stroud et al. 2011) . ND-AMC is likely to be the dominant component while ND-graphite may result from secondary processing or in harsher atmospheres.
Considering extinction using pure ND grains give an abrupt extreme FUV rise but also a peak/plateau ∼1400Å ( Considering ND in carbonaceous core smoothens the extinction peak/plateau ∼1400Å (Rai & Rastogi 2010) and also explains the rare detection of features likely in pure ND.
In the present work core-mantle ND-graphite and/or ND-AMC ( Figure 1 ) are treated as different materials and are used as separate components along with independent silicate and graphite components. NDs are structural changes in carbonaceous particles due to bond re-arrangement and hence size range and distribution for these core-mantle carbonaceous particles is assumed to be the same MRN distribution as that for graphite or AMC.
ND in Amorphous Carbon:
The AMC extinction has plateau/peak at 5.4 µm
). This is not seen in observations. On considering ND core inside AMC mantle this feature modifies such that larger the ND core smaller is the plateau/peak (Rai & Rastogi 2008 ). The ratio of ND core to AMC mantle radii is taken to be 3:4 considering the high possibility of AMC surface removal in rough atmospheres. The upper cut-off for ND radius is fixed at 0.010 µm (van Kerkhoven et al. 2002) . The highest ND volume is nearly 42 % and decreases for particles of radii larger than 0.013 µm.
ND in Graphite:
The ND-graphite phase could result from secondary processing so the ratio of radii of ND core and graphite mantle is considered to be 1:2, smaller than in ND-AMC. The upper cut-off for ND radius is taken to be 0.005 µm. So the ratio of radii decreases continuously for graphite radii larger than 0.010 µm. Thus the highest ND volume of a single grain is 12.5 % and is much smaller in the overall distribution. The calculated values are fitted to reported observations by varying the fraction of grain components used. The χ 2 fitting applied here is defined by Bevington (1969) for wavelengths i = 1 to 55, components j = 1 to 4 and f degrees of freedom:
is the normalized extinction curve of jth grain component with p j fraction and T i is the observed extinction at wavelength λ i . The combination of different p j gives the minimized value of χ 2 . Since,
and using extinction for jth component (Barbaro et al. 2004 )
we obtain that abundance for jth material is directly related to relative fraction p j by
Thus knowing exactly the N(H) values, abundances for different components can be determined using a suitable multiplier in p j . The best fit p j values therefore represent fractional abundance of various components. Simultaneously R V that depends on size distribution of the components used in modeling can also be theoretically determined
RESULTS AND DISCUSSION
The two component silicates and graphite model is modified with a third and in some cases a fourth component. ND core in AMC mantle and ND core in graphite being the two new components. Fitting is performed for non-CCM sightlines and sightlines having non-CCM type steep FUV rise. The data for observed extinction curve are taken from Fitzpatrick & Massa (2007) .
All the models considered are presented in Table 1 for the four non-CCM objects. The χ The line of sight HD 210121, obscured by high latitude translucent cloud, has a very small R V (Larson et al. 1996) and has been a subject of several studies (Li & Greenberg 1998; Larson et al. 2000; Weingartner & Draine 2001; Clayton et al. 2003a ). The three component graphite, silicate and ND-AMC model gives very good improvement from the graphitesilicate model in the infrared, the bump and the FUV regions (Figure 2 ). The calculated R V 2.14 is also close to the observed value 2.012. The grain size range considered in the present model is similar to earlier studies but the use of silicates is highly reduced.
Most extinction models imply near solar or higher elemental abundances (Mathis 1996; Weingartner & Draine 2001) . If ISM abundances are considered to be subsolar it becomes difficult to account for the overall extinction (Li 2005) . Though the elemental abundances and dust depletion data are likely to be constrained by observational and star formation effects (Li 2005) , incorporation of NDs comforts the need of silicates and the carbon budget is also not affected as very small fraction in diamond form is needed.
The sightline HD 204827 is dense and rich in carbon molecules with material processed by supernova shocks (Valencic et al. 2003) . Supernova annealing of carbonaceous material can lead to ND formation (Nuth & Allen 1992 The non-CCM sightline HD 62542, which is a B3 V type star, has very weak bump and steep FUV. The object is situated at the ridge of expanding bubble of supernova remnant, which is heated by UV radiations of embedded stars and also some energy is supplied by shocked gases (Cardelli & Savage 1988 Extinction along HD 29647 and HD 62542 resemble extinction along SMC (Valencic et al. 2003) . It was considered that silicon is rather undepleted in SMC (Welty et al. 2001 ) but based on the Kramers-Kronig dispersion relation Li et al. (2006) show that silicates are important contributors to extinction in SMC. It may be interesting to consider ND component in the extinction models for SMC.
The present model incorporating ND-AMC core-mantle additional component can also be extended to sightlines that resemble non-CCM extinction or have strong FUV extinction.
Attempt is made to model few such sightlines i.e. HD 3191, HD 13659, HD 17443, HD 30123, HD 284841 and HD 287150, and are presented in Table 2 and Figure 3 . For all these objects the bump feature is broadened (Fitzpatrick & Massa 2007) and along all these lines of sight are young hot objects.
The sightline HD 13659 shows type A anomalous extinction (Mazzei & Barbaro 2008) with a broad and weaker bump. All the model fits require very small fraction of silicates. The lower size limit for silicate grains is taken to be 1 nm but the possibility of ultrasmall silicates (a < 1 nm) cannot be ruled out (Li & Draine 2001) . Ultrasmall silicates would increase the FUV excess without affecting the bump region. In the present models the required FUV excess is being taken care of by the ND component that simultaneously weakens and broadens the bump, which is required along these sightlines. Comparing the reported 10 objects it is further seen that the ND-graphite component was required only in HD 29647. This object is very close behind the Taurus cloud actively processing the grains thus consistent with the assumption that ND-graphite component results from secondary processing and in harsher environments.
The material in protoplanetary disks inherited from the ISM will contain ND mainly as ND-AMC component. The AMC mantle in the inner regions can be shredded by heating, shocks or grain shattering. This may leave the ND with dangling H atoms that can be responsible for the C-H stretch emission features from the inner regions (Goto et al. 2009 ).
It is interesting to note that along all non-CCM sightlines and sightlines with steep FUV extinction there is a young B type star processing the foreground ISM. HD 29647
is processing the TMC-1 and HD 283809 that samples the same cloud show non-CCM extinction (Valencic et al. 2004 ). In the same region the nearby B type star HD 283800
is not sampling the cloud (Whittet et al. (2004) , fig.1 ) and shows normal extinction. The
Orion molecular cloud NGC 1976 has e.g. a young O type star HD 37022 in its foreground (Shuping & Snow 1997) Emission (ERE) (Chang et al. 2006) . Considering ND grains as core inside other carbonaceous matter (Rai & Rastogi 2010) show that anomalous sightlines having sharp FUV rise and weak/broad bump feature can be modeled by incorporating ND as a component. The grain growth and processing will in general lead to amorphous structures (Li & Greenberg 1998) . Amorphous structures have both sp3 and sp2 carbons and the possibility of ND as a form of carbon matter can not be ruled out. ND must be considered particularly for sightlines with strong UV source and strong extinction. For further improvement distributions other than MRN need to be considered and strict abundance constraints (Clayton et al. 2003a) applied. Availability of polarization data and its fitting can further constrain the component composition and shape effects.
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